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(54) Treatment off subterranean formation to control particulate fiowback 



(57) A subterranean formation is treated with a par- 
ticulate laden fluid whereby particulate fiowback is 
reduced or prevented. The method includes the steps of 
providing a fluid suspension including a mixture of a 
particulate, a tackifying compound and a hardenabie 
resin, pumping the suspension into a subterranean for- 
mation and depositing the mixture within the formation 
whereby the tackifying compound retards movement of 
at least a portion of the particulate within the formation 
upon flow of fluids from the subterranean formation and 
said hardenabie resin subsequently consolidates at 
least a portion of said particulate within said formation. 
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This invention retet« to a method of treating a subterranean formation to control particulate solids transport during 

^ S^^rlaSSte during the production of hydrocarbons from a sUrterranean formation is a continue 
J^X^^l^^o^cav^e sionWcart wear in the hydrocarbon production equipment used m 
S^^nS^^^^g^XgT welfoore thereby fimrtir** completely stopping fhid produc 
^7^Z!SZ^SS^ ™- beljarated from the recovered hydrocarbons addng further expense 

t0 ^ThTSStes wr.cn are available for transport may be present due to an consolidated nature of a s^erra- 
nea^n^SorTareLltof well treatments placing partcutetes in a wellbae or formation, such as. by grave. 

fSni^^ranean formations, it is common to place particulate materials as a fiKer mediumand/or 
^n£E£2 wSSTa^a a^nfracturee extending outwardly from the welbore. In fractuing operations, 
a proppant m the near welbore * ea ^^™r"~ !" •„ g^.** t0 these subterranean rock formations to 

proppant is earned into ^^^.J^^^^ ££S££d is carried outwardly away 
a point »« ^^ZSZSe^P^ Upon release of pump- 

SE hofoing the separated rock faces in an open position form- 

pjSnt ^^Sa^oT^ the welfoore with the production of formajonj 

t^^CeSvr^geS ttZS^ESS* a. a rate of from about 0.001 to about 
oTSs p^rje p3on of the treatment ffoids wrUch were Produced into the subterranean forma- 

,i0 " Such f lowback rates accelerate or force closure of the formation upon the proppant introduced into the formation. 
Th B Slid l^cSTeS fn^ge quarrtities of the proppant flowing back into the welbore before dosure occurs or 
^^ZZ^ ^n ^Xn^ occurs. The rapid ftowbaok is highly desirable for the operator as it 

XdSctfon of hydrocarbons signif fcantJy sooner than woufo result from 
SS^eVirW means for addressing the proppant f towba* problem * to emptoy '*«^*J*W"«! " 
rJSS^^P"*-* which are not «pab,e of usein ^^^^^/^^ 
resin-coated DrooDant is high, and is therefore used only as a taihn in the last f we to twenty five pwcerawine P™w»™ 
R^Si oroppartt is not always effective since there is some difficulty in placing it unrtormty within the 
K^ArSSS SSSno reasonable rtf ectiveness has been to gradually release fracturing pressure once the 
™In^r^5nDWedM that fracture closure pressure acting against the proppant builds slowly 

SS SsS^is undesirabte. however, since it reduces the production from the welbore until the treatment 



in u^nSdated formations, H is common to place a filtration bed of gravel in the near-welbore area inorder to 
rxeseZS^b^r^^^ unconsented formation fines with the production of "ydrc^rbona Typ,- 
^r^^^^e^a^P^^o^ations- involve the pumping and placement of a quantity of gravd ^irsand 
^£?JZX Jh!eenlSlOandM mesh on the U.S. Standard Sieve Series into the urwonsoBdated forma- 
^XZfLX^toeT£ so^« atoo desirable to bind the gravel particles together in order to form a 

ante _ .-^ nacte ^ incorporation of a fbrous material in the fkud with which the particulates are intro- 

S^l^^^^^ers gently have a length ranging upward^ from about 2 m^eters 

about 6 to about 200 microns. Hbrilrted ffoers of <^ <f£-"*» ^^l^S 
« ^Mtoadto act to bridge across cor^crw arid orifices in tJieprcppam pa* 

thereby Hrrrtng particuiate ftowback. The ffoers ^ w 

^n^Jrmsabiwoftlipropp^ . fc 
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manner achieved by use of resin coated particulates. 

U.S. Patent 5,501.274 discloses a method for reducing proppant flowback by the incorporation of thermoplastic 
material in particulate, rbbon or flake form with the proppant. Upon deposition of the proppant and thermoplastic mate- 
rial in the formation, the thermoplastic material softens and causes particulates adjacent the material to adhere to the 
5 thermoplastic creating agglomerates. The agglomerates then bridge with the other agglomerates and other particulates 
to prevent flowback from the formation 

It would be desirable to provide a more permanent method which wiO bind greater numbers of particles of the particulate 
to one another whereby agglomerates may be formed which would further assist in preventing movement or flowback 
of particulates from a weiibore or formation without significantly reducing the permeability of the particulate pack during 
w aggressive flowback of treatment fluids. 

We have now devised a method of treating a subterranean formation to inhibit the flow of particulates back through 
the weiibore during the production of hydrocarbons, without significant effects upon the permeability of the particulate 
pack. 

In accordance with the invention, a method of treating a subterranean formation penetrated by a weObore is pro- 
fs vided comprising the steps of providing a fluid suspension including a mixture of particulate material, a material com- 
prising a liquid or solution of a tackifying compound, which coats at least a portion of the particulate upon admixture 
therewith, and a hard enable resin, which coats or is coated upon at least a portion of the particulate, pumping the fluid 
suspension including the coated particulate through the weflbore and depositing the mixture in the formation. Upon 
deposition of proppants having been coated with the tackifying compound and resin material mixture in the formation 
20 the coating causes particulate adjacent to the coated material to adhere to the coated material thereby creating prop- 
pant agglomerates which bridge against other particles in the formation to minimize initial particulate flowback and the 
hardenable resin subsequently consolidates the particulate before and during flowback. 

The coated material is effective in inhibiting the flowback of particulate in a porous pack having a size ranging from 
about 2 to about 400 mesh in intimate admixture with the tackifying compound and hardenable resin coated partial- 
is lates. 

The coated material is effective in consolidating particulate into the form of agglomerates in a formation as a result 
of a fracturing or gravel packing treatment performed on a subterranean formation during aggressive flowback of the 
treatment fluid. 

In accordance with the present invention, a liquid or solution of a tackifying compound is incorporated in an intimate 

30 mixture with a particulate material such as conventional proppants or gravel packing materials together with a harden- 
able resin and introduced into a subterranean formation. 

As used in this specification, the term Intimate mixture" will be understood to mean a substantially uniform disper- 
sion of the components in the mixtura The term "simultaneous mixture" will be understood to mean a mixture of com- 
ponents that are blended together in the initial steps of the subterranean formation treatment process or the preparation 

35 for the performance of the treatment process. 

The coated particulate or proppant material may comprise substantially any substrate material that does not unde- 
sirably chemically interact with other components used in treating the subterranean formation. The material may com- 
prise sand, ceramics, glass, sintered bauxite, resin coated sand, resin beads, metal beads and the like. The coated 
material also may comprise an addrtionaJ material that is admixed with a particulate and introduced into a subterranean 

40 formation to reduce particulate flowback. In this instance the additional substrate material may comprise glass, ceramic, 
carbon composites, natural or synthetic polymers or metal and the like in the form of fbers, flakes, ribbons, beads, shav- 
ings, platelets and the like. In this instance, the additional substrate material generally will be admixed with the particu- 
late in an amount of from about 0.1 to about 5 percent by weight of the particulate. The tackifying compound comprises 
a liquid or a solution of a compound capable of forming at least a partial coating upon the substrate material with which 

45 it is admixed prior to or subsequent to placement in the subterranean formation, in some instances, the tackifying com- 
pound may be a solid at ambient surface conditions and upon initial admixing with the particulate and after heating upon 
entry into the weltxxe tor introduction into the subterranean formation become a melted liquid which at least partially 
coats a portion of the particulate. Compounds suitable for use as a tackifying compound comprise substantia^ any 
compound which when in liquid form or in a solvent solution wiiJ form a non-hardening coating, by themselves, upon the 

so particulate which facilitates agglomeration and will increase the continuous critical resuspension velocity of the partic- 
ulate when contacted by a stream of water as hereinafter described in Example I by at least about 50 percent over the 
particulate alone when present in a 0.5 percent by weight active material concentration and increase the initial critical 
resuspension velocity by at least about 50 percent over the particulate aJone. Preferably, the continuous critical resus- 
pension velocity is increased by at least 100 percent over particulate alone and most preferably at least about 150 per- 

55 cent over particulate alone and the initial critical resuspension velocity is increased by at least 75 percent and most 
preferably at least 100 percent over particulate alone. A particularly preferred group of tackifying compounds comprise 
polyamides which are liquids or in solvent solution at the temperature of the subterranean formation to be treated such 
that the polyamides are, by themselves, non-hardening when present on the particulates introduced into the subterra- 
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in general, me pwywi>uao « k- Qli+iac ^^.tp ^ a ootvarrine. As s well known in the man- 

SSZ^^^ S^SS? After rr*ng. beat is applied top**** 

rauiy exotnerrrac iwmaomi w u i,*^*™ tha wntpr of reaction ts condensed and removed leaving the 

^jX^^t^^^^ "^rced by choice and ratio of teedsto* 

polyaiwde. me L^^SonaJ adds andaminea to terminate chain propagation. Generally an 
heattr^^and judtow^ n^r«wn« acre Unreacted amines can be removed by disfiBa- 

excess of polyanwe s present to j*^™^ JX^eSttw final condensation reaction product to produce 

SSI ^™ eth/eSLine. diethylenetriamine. methylene tefraarmne. ammo ethyl pper- 

"'"^^mS'es can be converted to quaternary compounds by reaction with methylene chloride. rfimethyTadfate. 
' JiK^ISe m. TySthe quaternion reason woe* be effected at a temperature of 

from about 100 to about ^J^^^^^^^Zncai corrpattiHty of the taddfying compound 
wHhlS S^SSS r^Se^Sin^on of the 51 compound can reduce effect, 

noivftRters and Dotvcarbamates, polycarbonates, natural resins such as shellac and the like 

Se^WcSwund the particulate in an amount of from about 0.1 to about S^percertactve 

me tacwrying cottjouiw » ~» r ~ . linHoBttood that laraer auantrties may be used, however, the 

r^lTolZT^ S^ -^pSSSS S undesfrabty rice the permeaHtty of 
° T^^™?IX^SS> corrpour^ is adrrtxed wtth ^ ^ 

is to * m IsSS SSI the Udtfying compound, such as g.ass ffcers or the fike me * prosart 

and generaly *°^"?T™J p-lLabrv _ e tacMfymg compound is present in an amount of from about 50 to 
to the particulate. At least a portion of the tackrfying compound introauceo wnn me ««iuui 

epoxy resir^Twiuijna. . ^ m addition of a catalyst or crossBnker to the resin which inmates pdym- 

45 a ^^T<TLT^^^^^^ resinTmay be utilized wherein suft ident resole resin is 
^^^r^frXTeSa^in^^toc resin, various resins are described in for example U.S. Patents 
SSI S^s'SSlSr^SSanft. dtedosures of which are incorporated hereby reference 
mt^ Pa^c^e^^r^dude fpoxy resins such as TEPON 828" epoxy ^o^lO^Com- 
- ^^w^^^ nwwlic resins such aT-Resin 1866" from Acme Resin Corporation. Borden Division. Forrest 
50 EX ISot^a^^ as^RS^OO- resin from Advanced Resin Sy*ems. Des r^r«, Plinds and novalac 
Resins such as -Bakefite 9282 FP" resin also available from Advanced Resxi Systems. 

^e^3nTs2nSd wrth the particulate in an arrxx^nt of from about 0*1 to ^^ Q f^^^ 
* 1^ Dr^wohiw roan is adrrixed with the particUate in an amount of from about 0.05 aooui l.u percem ay 
ss ^J££*£^ C^caii (x^rosslinkers selected from those wel known in the art may be ut- 
* lizedwrththe resin to harden the resin and form a consoidated matnx d particular. ^, l ^.^ TnA . ir ^. intn 
££!EdUkm of tacWfymg compound interacts mechanically with the Pf^^P^ 6 /^^ 
the suW«^ formation to limft or rjrev^ 
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hardening and consolidation of the particulates by the hardenable resin. 

In one embodiment, the tackrfying compound, when comprised of polyamides, may be admixed and contacted with 
a material that has multi-functional reactive sites which are capable of reacting with the tackrfying compound to form a 
hard reaction product which consolidates the agglomerates formed by the tacWfying compound. A "hard reaction prod- 
uct" as used herein means that the reaction of the tackrfying compound with the rriultrfunctionaJ material will result in a 
substantially nonftowaHe reaction product that exhfcrts a higher compressive strength in a consolidated agglomerate 
than the tackrfying compound alone with the particulates. One means of evaluating the consolidated agglomerate to 
determine whether an increase in compressive strength has occurred is through testing with a penetrometer. Samples 
may be prepared comprising particulate coated with the tackrfying compound, multifonctional material and an admix- 
ture as described herein and penetrometer readings can be made using equipment such as a PWG Penetrometer from 
Precision Scientific Company. Chicago, Illinois. Comparison of the penetrometer readings readily demonstrates the 
change that has occurred as a result of the reaction. In this instance, the tackrfying compound also functions as the 
hardenable resin. The material having rnutti-functional reactive sites include compounds such as aldehydes such as for- 
maldehyde, dialdehydes such as glutaraldehyde. hemiacetate or aldehyde releasing compounds, diacid halides, dihai- 
ides such as dichlorides and dibromtdes. potyacid anhydridesa such as citric acid, epoxides and the like. Preferred 
compounds for use with polyamides comprise furfuraldehyde. glutaralderryde or aldehyde condensates and the like. 
The multi-functional compound is admixed with the tackrfying compound in an amount of from about 0.01 to about 50 
percent by weight of the tacWfying compound to effect formation of the reaction product Preferably, the compound is 
present in an amount of from about 0.5 to about 1 percent by weight of the tacWfying compound. 

The liquid or solution of tacWfying compound and hardenable resin generally are incorporated with the particulate 
in any of the conventional fracturing or gravel packing fluids comprised of an aqueous fluid, an aqueous foam, a hydro- 
carbon fluid or an emulsion, a viscosrfying agent and any of the various known breakers, buffers, surfactants, clay sta- 
bilizers or the like. 

Generally the tacWfying compound and hardenable resin may be incorporated into fluids having a pH in the range 
of from about 3 to about 12 for introduction into a subterranean formation. The compounds are useful in reducing par- 
ticulate movement within the formation at temperatures from about ambient to in excess of 300°F. It is to be understood 
that not every hardenable resin or tackrfying compound win be useful over the entire pH or temperature range but every 
compound is useful over at least some portion of the range and individuals can readily determine the useful operating 
range for various products utilizing well known tests and without undue experimentation. 

The liquid or solution of tackrfying compound and the hardenable resin generally are incorporated with the particu- 
late as a simultaneous mixture by introduction into the fracturing or gravel packing fluid along with the particulate. 

Fracturing fluid slurries are introduced into the subterranean formation at a rate and pressure sufficient to create at 
least one fracture in the formation into which particulate then is introduced to prop the created fracture open to facilitate 
hydrocarbon production. Gravel pacWng treatments generally are performed at lower rates and pressures whereby the 
fluid can be introduced into a formation to create a controlled particule size pack surroundng a screen positioned in the 
welfoore where fracturing of the formation may or may not occur. The particulate pack surrounding the welfoore then 
functions to prevent fines or formation particulate migration into the welfoore with the production of hydrocarbons from 
the subterranean formation. 

The gravel packing treatment also may be performed without a screen in the welfoore. In such a screenless com- 
pletion, the fluid generally is introduced into the welfoore to fill the perforations and welfoore to a level above the perfo- 
rations and permitted to consolidate. The consolidated pack can then be drilled or reamed out to reopen the bore while 
providing a consolidated pack to screen fines and formation particulate from migrating into the welfoore. 

The tackrfying compound may be introduced into the fluid before, after or simultaneously with introduction of the 
particulate into the fluid. The liquid or solution may be incorporated with the entire quantity of particulate introduced into 
the subterranean formation or it may be introduced with only a portion of the particulate, such as in the f rial stages of 
the treatment to place the intimate mixture in the formation in the vicinity of the wellbore. For example, the tackrfying 
compound may be added to onry the final 20 to 30 percent of the particulate laden fluid introduced into the formation 
and the hardenable resin may be added to only the last 10 to 20 percent of the particulate laden fluid. In this instance, 
the intimate mixture will form a tail-in to the treatment which upon interaction within the formation with the particulate 
wiB cause the particles to bridge on the agglomerates formed therein and prevent movement of the particles into the 
welfoore with any produced fluids. The tacWfying compound and hardenable resin may be introduced into the blender 
or into any flowiine in which they will contact the material to be at least partially coated by the compounda The com- 
pounds may be introduced with metering pumps or the like prior to entry of the treatment fluid into the subterranean 
formation. 

In an alternate ernbodimerrt. the particulate may be premixed with either the tacWfying compound or the hardenable 
resin prior to admixing with a treatment fluid and the other constituents for use in a subterranean formation. In some 
instances, resin precoated particulates may be utilized and the tacWfying compound then would be added during per- 
formance of the subterranean formation treatment Depending upon the type of resin coating employed, a catalyst then 
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would be added to the treatment fluid or introduced in a flush fluid or the Ike. 

Surprisingly, it has been fouxl that use of the method of the present invention can produce high perme^litytun- 
neiseSSW, weHbore perforations back into proppant packed fractures seated* th^^eanfoomton 
which then may be consolidated. Control of the flowback rate of the treatment or ™ 
be used to provide a controlled erosion of the treated particulate immediately adjacent a P 6 *^'^®*^ 8 -^ 
flowback rate is ccntmlled so as to provide a level above 

pound but generally is maintained below the continuous critical resuspension velocrty. This results in «^j* Po- 
tion ot particulate from the formation. Tne erosion surprisingly has been found to be very uniform in natore and to create 
a turmelrno the particulate in the formation generally corresponding to the size and shape of the P"*"""" the wel- 
bore. After the tunnel is formed, the haidenaWe resin consolidates the remaining partfciiate to provide a h«h permea- 
bilitv Dassaoe or tunnel from the formation to the welfoore. .„ . ... 

Reference is made hereafter to the accompanying drawing (Figure 1) which provides a s^ematK illusion of the 
test apparatus utilized to determine the critical resuspension velocity tor a tacWfying compound coated sifcstrate mate- 
rial 

" To further illustrate the present invention and not by way of limitation, the following Examples were provided. 



Example 1 

Theevaliiatk>nofal^ 

20 lowing test. A critical resuspension velocity is first determined 

be coated. Referring new to Figure 1 . a test apparatus is illustrated lor performing the test The app^cornpnsesa 
V4- glass tee 10 which is connected to an inlet source 1 2 of water and an outlet UdisposaJbne is Wockedto fludftow 
A water slurry of particUate is aspirated into the tee 10 through inlet 12 and coined within portion 1 r by f .ftrabon 
against a screen 18. When portion 16 of tee 10 is full, the vacuum source is removed anda plug 20 «used to seal the 

25 end of portion 16. The flow channel from inlet 12 to outlet 14 then is swabbed clean and a vol^^ry^nfrolted 
pump, such as a "MOYNO" pump, is connected to inlet 12 and a controlled flew of water «^^J^ ve^ of the 
fluid is slowly increased through inlet 12 until the first particule of particulate material is picked up by the flowing water 
stream. This determines the baseline tor the starting of the resuspension velocity. The flow rate then is further increased 
until the removal of particles becomes continuous. This determines the baseline for the continuous resu^SH^veloc- 

30 ity. The test then is terminated and the apparatus is refilled with particulate having a coating corresponding to abort 05 
percent active material by weight of the particulate applied thereto. Similar trends jjenera^ are seer im th^tewhen 
ihe concentrations tested are from about 0.1 to about 3 percent, however Jhe 0.5 percent evel which .s wrtr* Re- 
ferred application range is preferred for standardization of the procedure. The test is repeated to determine the starting 
Doint of particulate removal and the velocity at which removal becomes continuous. 

35 The percent of velocity increase (or decrease) then is determined based upon the initial or continuous baseline 
value. The results of several tests employing the preferred poryamide of the present 

and phenolic resins known for use in consolidation treatments in subterranean formations with 1 2/20 and 20/40 mesh 
sand are set forth below in Table I. 
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Test No. 



1 
2 
T 

7 
T 
7 
7 
7 



Particulate Size 



20740/mesh sand 
20/40 mesh sand 
20/40 mesh sand 
20740 mesh sand 
20740 mesh sand 
20740 mesh sand 
20740 mesh sand 
12/20 mesh sand 



Coating Agent. % V/Wt 
Particulate 



none 

1/2 percent pdyamide 
1 percerrt poryamide 
1/2 percent phenolic 
1 percent phenofie 
1/2 percent epoxy 
1 percent epoxy 
1/2 percent poiyamide 



Starting of Sand Particle 
Transport 

"o 

192 
27? 

si 

228 



Continuous Sand Trans- 
port 



391 

7£ 

7? 

127 
773 
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TABLE I (continued) 



TestNa 


Particulate Size 


Coating Agent. % V/Wl 
Particulate 


Percent Of Velocity Change At: 








Starting of Sand Particle 
Transport 


Continuous Sand Trans- 
port 


9 


12/20 mesh sand 


1 percent pofyamkJe 


367 


242 


10 


12/20 mesh sand 


1/2 percent phenolic 


42 


22 


11 


12/20 mesh sand 


1 percent phenolic 


42 


13 


12 


12/20 mesh sand 


1/2 percent epoxy 


48 


30 


13 


12/20 mesh sand 


1 percent epoxy 


38 


15 



The data dearly illustrates the substantial increase in the critical resuspension velocity of a particulate coated with 
the tacWfying compound in comparison to other known formation consolidation agents which require hardening to be 
effective. 

The test results clearly demonstrate the beneficial results achieved by practice of the method of the present inven- 
tion with respect to proppant production from a simulated formation. 

EXAMPLE II 

The stabilization properties of the method of the present invention are determined by comparison to untreated sand 
and sand including a tackrfying compound. The flowback velocity is measured in an American Petroleum Institute 
approved simulated fracture flow cell. The cell contains Ohio sandstone cores having a proppant bed size of about 1 .5 
inches in height, about 7 inches in length and about 0.25 inches in width between the cores. The bed is initially pre- 
packed with 20/40 mesh sand by introducing the sand into the cell in an aqueous slurry or a gelled fluid containing 40 
pounds of guar per 1000 gallons of aqueous fluid. The cell is fitted with a 0.3 inch hole at one end to simulate a perfo- 
ration. The hole is visible through a sight glass so that proppant production through the hole can be visually determined. 

The cell then was cleaned and packed with another proppant pack for testing The tested materials are set forth in 
Table II, below. 

While the present invention has been described with regard to that which is currently considered to comprise the 
preferred embodiments of the invention, other embodiments have been suggested and still other embodiments will 
occur to those individuals skilled in the art upon receiving the foregoing specification. It is intended that all such embod- 
iments shall be included within the scope of the present invention as defined by the claims appended hereto. 



TABLE II 



SAMPLE 


PACKING FLUID 


ADDITIVES TO SAND. % BY WT. SAND 


FLOW RATE, ml/min AT 
WHICH FAILURE 
OCCURS 


1 


water 


none 


84 


2 


gel 


none 


90 


3 


gel 


1% by wt polyamide 


180 


4 


gel 


2% by wt polyamide 


384 


5 


gel 


1% by wt polyamide and 1% out Bakelrte 9282 FP 

resin 


>3000 1 


6 


gel 


1% by wt polyamide and 1% by wt Bakelrte 9282 FP 

resin 


>2600 2 



pack heated at 250°F for 72 hours before testing, no sand production during test 
2 pack heated at 1 80°F tor 4 hours before testing no sand production during test 
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Claims 



1 A method of treating a subterranean tarnation, which comprises the steps of introducing a treatment fluid into a 
subterranean formation; admixing with at least a portion of said fluid, a particulate which is introduced into and 
deposited within said formation; admixing wrthatleastaportkxiof sai^ 
compound whereby at least a portion of said particulate is at least partially coated by saklcorn^ 
critical resuspension velocity of said at least partially coated particulate is increased by at least about 50 percent 
when tested at a level of 0.5% active material by weight over said particulate alone with water; admixing with at 
least a portkxi of saki partkxdate in said treats whereby at least a portion of said par- 

ticulate is at least partially coated by said resin; depositing the tackifying compound and hardenable resin coated 
particulates in the subterranean formation; and flowing back fluid from the formation whereby the tackifying com- 
pound coated particulate retards movement of at least a portion of the particulate within said formation and said 
hardenable resin subsequently consolidates at least a portion of the particulate within said formation. 



2. a method according to daim 1 . wherein said tackifying compound is admixed with said particulate in an amount of 
from O.t to 3.0 percent by weight of said particulate. 



3. A method according to claim 2. wherein said tackifying compound is admixed with said particulate in an amount of 
from 0.25 to 2 percent by weight of said particulate 

4. A method according to claim 1 . 2 or 3. wherein said coated particulate has a critical resuspension velocity in excess 
of 100 percent over said particulate alona 

5. A method according to claim 1,2, 3 or 4, wherein said tackifying compound comprises a liquid, or a solution of a. 
polyamide. 

6 A method according to any of claims 1 to 5, wherein said tackifying compound comprises predominantly a conden- 
sation reaction product of a dimer acid containing some trimer and higher oligomers and some monomer acids with 
apolyamine. 

7. A method according to claim 6. wherein said polyamine comprises at least one of ethylenediamine, diethylenetri- 
amine. triethylenetetraamine, tetraethylene pentaamine. aminoethylpiperazine. 

a A method according to claim 6 or 7, wherein said tackifying compound has been quaternized. 

9. A method according to any of claims 1 to 8, wherein said hardenable resin comprises at least one of phenol-alde- 
hyde resins, urea-aldehyde resins, melamine-aldehyde resins, epoxy resins, furturyl alcohol resins. 

10. A method according to any of claims 1 to 8, wherein said hardenable resin is a reaction product of the tackifying 

._. a i -a «t MAm K» *»aI«m-4aH frnm riialrlohvHoc Hi^Ctd hali* 



compound and a multifunctional material comprising at least one member selected from dialdehydes, 
des, dihalides, and poiyacid anhydrides. 
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